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is not clear what this statement means. Are the authors trying to say that there were many measles outbreaks between 2008 and 2014? If so what is the relationship between those outbreaks and the incidence of rubella? Also it would be good for the authors to try and discuss the likely reasons for the variations in incidence from year to year. For example, the rubella incidence was highest in 2008 and 2012 compared to the other years. Does this mean that there could have been rubella outbreaks in these 2 years? 7. In the discussion section, line 44, the authors say "The proportion of women of reproductive age affected by Rubella was very low 4.55%. These findings is not consistent with findings by Ndumbe and collaborators who reported rubella antibodies detection in 83.9% pregnant women during antenatal care in Yaoundé in 1992, [15] ". As the authors have correctly noted in their discussion, the latter study is likely to have used IgG and its focus was on pregnant women. The current study in Cameroon used IgM because its focus was on symptomatic people. The 2 studies therefore have different methodologies and it doesn"t seem right to compare them 8. In the results section, the authors say that the rubellaseropositivity increased with age. In the discussion section, the authors should try and give a possible explanation(speculate) of why this was the case. 9. In the results section, the authors say that females were more susceptible to rubella than males. In the discussion section, the authors should try and give a possible explanation(speculate) of why this was the case of the population, but here the percentage of a group of diseased persons is given. Thus the term "prevalence" should not be used. Page 7, Table 1 : The total no in the column "Number tested…" is 7411, not 7489. Please cross check other numbers in the table as well, because there were further minor deviations in the totals. Page 7, line 40: "prevalence" should not be used in the context, see comment above. Page 7, line 40 -41: The term "most affected" suggests that the incidence per population unit is the highest in this age group. However, the age groups might have different underlying population size, particularly compared with the group "< 1 year". Thus this conclusion is not justified.
Page 8, Line 51 -Page 9 line 2: To me, the analysis of seasonality of proportions appears very problematic. Because the proportion of rubella cases among joint measles and rubella cases depends also heavily on the seasonality of the measles distribution. And it is well known, that measles has a seasonality. Thus in this case the analysis of absolute numbers might made more sense. Page 9, line 6 -13: From the data given, no statement can be made about the "risk", only about the proportion of rubella cases among joint measles and rubella cases. Calculation of risks would require to divide case numbers by population size in the age groups. Page 9, line 17 -19: Besides the rather small differences between men and women, I could imagine that diagnostic or selection bias with respect to the specific risks for women could play a role here leading to more diagnostics in the women than in the men. Thus no conclusions should be derived about susceptibility. Page 9, line 28: Again it is not the "incidence", but the proportion of rubella cases among joint measles and rubella cases Page 9 line 40: It cannot be concluded that the "risk" increases from "< 1 year" to "10-14 years". If I compare 17 cases in the first group and 87 cases in the second group and take into account, that the second group covers an age span of 5 years and thus 5-times the population than the first group, the risks seems similar to me (17*5 = 85). Page 9 line 44 -57: In this context measuring Rubella IgM and Rubella IgG makes such a big difference that prevalences by no means should be compared. Nonetheless the relationship between both could be discussed (Many acute infections in childhood lead to a high proportion of immunity already early in life). Page 10 line 13 -15: This conclusion cannot be made about "rubella cases", but only about "proportion of rubella cases among joint mesles and rubella cases" or "relationship between rubella and measles cases".
VERSION 1 -AUTHOR RESPONSE
Reviewer: 1 Reviewer Name Ian Njeru Institution and Country Kenya Please state any competing interests or state "None declared": None declared Please leave your comments for the authors below Title: Epidemiology of rubella infection in Cameroon: A 7 year experience of measles and rubella case base surveillance, 2008 -2014 The article uses the measles surveillance system in Cameroon to analyse the rubella data from [2008] [2009] [2010] [2011] [2012] [2013] [2014] . The article provides important information on rubella epidemiology in Cameroon. The article is also well written. The authors can use the comments below to improve on the article Comments 1. Title: The authors should be consistent in the use of the words case-based surveillance. For example in the title this is wrongly captured as case base surveillance while it is correctly captured in the text as case-based surveillance Issue duly addressed 2. Abstract: Under the settings subheading, the last word in this statement "were recruited according to the WHO measles case confirmation"(line 13) should be corrected i.e. the word "confirmation" should be replaced with "definition" Corrected 3. In describing the results throughout the article, the authors tend to refer to men and women instead of males and females e.g. in the results section of the abstract the authors say "men were significantly less susceptible to rubella than women"(line 46). The correct terms should be males and females and not men and women Corrected 4. In the results section, line 1 and 2, the authors say "A total of 9,907 samples of suspected cases of measles were received in the laboratory from 2008 to 2014 among which 7489 (75.59%) were tested for rubella". While the reader may correctly assume that the 7489 samples tested for rubella are those that tested negative for measles, the authors need to make this clear to the reader as this is not mentioned anywhere in the article These are the samples that tested negative for measles. This has been addressed in the result section 5. Table 4 of the results section gives the data by urban and rural setting which shows that there is no significant difference between the 2 geographical settings. It may be more informative to analyse the data by the 9 regions instead of just rural and urban Actually tables 2-4 have been merged into table 2. An additional figure has been included to show the distribution of rubella cases by regions 6. In the discussion section (line 26), the authors say "we observed that during the measles outbreaks between 2008 and 2014, the incidence of rubella ranged from 4.7% in 2009 to 12.4% in 2012". It is not clear what this statement means. Are the authors trying to say that there were many measles outbreaks between 2008 and 2014? If so what is the relationship between those outbreaks and the incidence of rubella? Also it would be good for the authors to try and discuss the likely reasons for the variations in incidence from year to year. For example, the rubella incidence was highest in 2008 and 2012 compared to the other years. Does this mean that there could have been rubella outbreaks in these 2 years? There were a number of measles outbreaks during this period in the country. The increase in the proportion of rubella cases during this period could actually be indicating a rubella outbreak also and this type of observation necessitates a clear case definition of rubella infection. 7. In the discussion section, line 44, the authors say "The proportion of women of reproductive age affected by Rubella was very low 4.55%. These findings is not consistent with findings by Ndumbe and collaborators who reported rubella antibodies detection in 83.9% pregnant women during antenatal care in Yaoundé in 1992,[15]". As the authors have correctly noted in their discussion, the latter study is likely to have used IgG and its focus was on pregnant women. The current study in Cameroon used IgM because its focus was on symptomatic people. The 2 studies therefore have different methodologies and it doesn"t seem right to compare them. Duly addressed 8. In the results section, the authors say that the rubella-seropositivity increased with age. In the discussion section, the authors should try and give a possible explanation(speculate) of why this was the case. Duly addressed 9. In the results section, the authors say that females were more susceptible to rubella than males. In the discussion section, the authors should try and give a possible explanation(speculate) of why this was the case The apparent association of positive rubella IgM results to females should be interpreted with caution as the small differences could be as a result of diagnostic or selection bias in the women than in the men. Reviewer: 2 Reviewer Name Joseph Okeibunor Institution and Country WHO Regional Office for Africa Brazzaville, Congo Please state any competing interests or state "None declared": There is no competing interest Please leave your comments for the authors below The paper addresses very current public health issue, thus making it topical. The handling was equally very professional. However, the language needs lots of helping. If the authors are not from English speaking country it may be necessary to get a native English speaker to edit the language. One finds incomplete sentences like the one in lines 17-19 under abstract. Similarly, lines 33-37 needs rephrasing if it must remain one sentence. Issues duly addressed Under the introduction, lines 6-8 need rephrasing to delete one 'with'. The sentence should read, "Arthraigia or arthritis may occur inup to 70% of rubella infected adult women with rare complications including ...." Further down on that page one finds expression like 'economic analysis evidence....' this is not acceptable. Corrected On page 5: There is no need for the sub-title 'objective'. the objective of the paper should be weaved into the introduction. Issues duly addressed Under methods -it should read, "Cameroon is located ...." not "Cameroon is a country in ...." Corrected Tables 2-4 should be combined into Table two giving the paper only 2 standard tables. Actually tables 2-4 have been merged into table 2. An additional figure has been included to show the distribution of rubella cases by regions Reviewer: 3 Reviewer Name Johannes Dreesman Institution and Country Governmental Institute of Public Health of Lower Saxony, Roesebeckstrasse 4, 30449 Hannover, Germany Please state any competing interests or state "None declared": None declared Please leave your comments for the authors below The research question is of interest and the study design represents an interesting use of data partly collected for a different purpose. However, this leads also to a critical point of the study. The participants of the study were collected by a surveillance system which seeks for measles cases in the first line. Then they were tested for recent rubella infection and statistical analysis was performed on the identified rubella cases in relation to the complete group of participants. For most of the calculations the denominator was the set of study participants (i.e. persons fulfilling the clinical measles case definition) but not the general population. Thus it is not possible to calculate population based epidemiological measures like "risk", "incidence" or "prevalence" from this data. However the authors use these terms for the results of their calculations, which is misleading. This is also the reason, why, from my point of view, this design does not allow to address the objective of the study which was declared by the authors to determine the burden of rubella disease in cameroon. Another problem is, that it remains unclear, how sensitive the measles surveillance system is to catch rubella cases. The rubella cases account only for a minority of the caes catched by this surveillance system (about 10%). According to the authors, there is a vaccination strategy against measles in place in the cameroon but not against rubella yet, Therefore I would expect that rubella should account for the majority of the cases, if the system had been sensitive for rubella. In addition it is not made clear or critically discussed, whether there are selection mechanisms with respect to age or gender, which would influence the according analyses as well. Specific Comments Page 2, line 24: information should be given, which outcome variable and which exposure variables were analysed. Analysis of rubella infection was done by year, age, age group, sex, setting/region and months Page 2, line 30 -48: The results are not presented correctly. Concerning the study design, the "risk" of rubella infection cannot be quantified, only the proportion of rubella cases among the joint group of measles and rubella cases. Issue duely addressed throughout the manuscript Page 2, 35 -42: The sentence is incomplete, maybe a "with" is missing before "children" in line 37 Corrected Page 2, line 46 -48: This is rather a conclusion. In addition the study results do not allow to conclude about susceptibility. The lower proportion of rubella infection among men than among women could also be due to diagnostic or other selective effects. Comments and observation incorporated Page 4, line 35: "(Inflation-adjusted 2012 US$)" is not in the right place. US$4,200 (inflation-adjusted 2012 US$) Page 5, line 15: was it really a "combined measles/rubella" surveillance system or only a measles surveillance system? It was a combine measles and rubella surveillance without a clear case definition for rubella Page 5, line 39: Who collected the blood samples? Nurses or any health worker designated to collect blood samples in the health structure Page 5, line 53 -Page 6, line 3: This is an interesting aspect which would lead to some measles cases missing in the laboratory surveillance. Thus the consequences on the outcome measures should be discussed. Issue addressed Page 6, line 46: "using existing variables": It should be described which variables were used (outcome and exposures). Concerns duly addressed in manuscript Page 6, line 48 -51: Which measure of effect is used? (for which the 95% confidence-interval was calculated) odd ratio Page 7, line 4: The term "prevalence" usually refers to a proportion of the population, but here the percentage of a group of diseased persons is given. Thus the term "prevalence" should not be used. Concerns duly addressed in manuscript Page 7, Table 1: The total no in the column "Number tested…" is 7411, not 7489. Please cross check other numbers in the table as well, because there were further minor deviations in the totals. Concerns duly addressed in manuscript Page 7, line 40: "prevalence" should not be used in the context, see comment above. Concerns duly addressed in manuscript Page 7, line 40 -41: The term "most affected" suggests that the incidence per population unit is the highest in this age group. However, the age groups might have different underlying population size, particularly compared with the group "< 1 year". Thus this conclusion is not justified. Concerns duly addressed in manuscript Page 8, Line 51 -Page 9 line 2: To me, the analysis of seasonality of proportions appears very problematic. Because the proportion of rubella cases among joint measles and rubella cases depends also heavily on the seasonality of the measles distribution. And it is well known, that measles has a seasonality. Thus in this case the analysis of absolute numbers might made more sense. Re-analysis has been done with absolute number and the figures duly corrected Page 9, line 6 -13: From the data given, no statement can be made about the "risk", only about the proportion of rubella cases among joint measles and rubella cases. Calculation of risks would require to divide case numbers by population size in the age groups. Concerns duly addressed in manuscript Page 9, line 17 -19: Besides the rather small differences between men and women, I could imagine that diagnostic or selection bias with respect to the specific risks for women could play a role here leading to more diagnostics in the women than in the men. Thus no conclusions should be derived about susceptibility. Observations incorporated in the discussion Page 9, line 28: Again it is not the "incidence", but the proportion of rubella cases among joint measles and rubella cases Concerns duly addressed in manuscript Page 9 line 40: It cannot be concluded that the "risk" increases from "< 1 year" to "10-14 years". If I compare 17 cases in the first group and 87 cases in the second group and take into account, that the second group covers an age span of 5 years and thus 5-times the population than the first group, the risks seems similar to me (17*5 = 85). Concerns duly addressed in manuscript Page 9 line 44 -57: In this context measuring Rubella IgM and Rubella IgG makes such a big difference that prevalences by no means should be compared. Nonetheless the relationship between both could be discussed (Many acute infections in childhood lead to a high proportion of immunity already early in life). Concerns duly addressed in manuscript Page 10 line 13 -15: This conclusion cannot be made about "rubella cases", but only about "proportion of rubella cases among joint mesles and rubella cases" or "relationship between rubella and measles cases". Concerns duly addressed in manuscript 
GENERAL COMMENTS
The paper has been markedly improved and all the concerns I had highlighted earlier have been addressed except the title which still reads 'case-base surveillance' instead of 'case-based surveillance'.
The paper needs to be checked for grammar. Once this is checked I feel the paper is good for publication 
REVIEWER

GENERAL COMMENTS
The paper has strongly improved, particularly concerning the use and denotation of epidemiological measures. However, some inconsistencies have remained and some of my comments to the first version have not yet been addressed satisfactorily.
Thus my comments are as follows:
Title: "case-base" was not changed according to the comment of Reviewer 1.
Page 2, line 2: From my point of view, the main objective to "determine the burden of rubella disease" cannot be achieved by the study as I assume a strong underestimation of cases (see my comments below on sensitivity of case definition and the surveillance system in general). However, the study provides valuable information about age distribution, seasonality and so on. Thus I suggest to reformulate this objective, or comment on the objective in the discussion/conclusions.
Page 2, line 27: It is not said, for which explanatory variables and which outcome variable the odds ratios were estimated.
Page 2, line 40 -45: The numbers given here are not consistent with table 2.
Page 3, line 5: "in" has to be deleted.
Page 3, line 7: "and investigating relationship" It seems that something is missing here.
Page 4, line 17: After "hearing defects" vascular and heart diseases are given in parentheses.
Page 4, line 35 and line 37: US$ can be removed from the parentheses because it is already given in the text.
Page 4, line 37: "income" instead of "come".
Page 4, line 48: Is "measles case-based surveillance" here the same as "measles/rubella case-based surveillance" in line 55? Then either the same phrasing should be used or the difference should be explained. If the test refers to the variable in general, the p-value should always be presented in the line of the baseline category. For "Sex" and "Setting", the baseline category should be presented first (like it is done for age) and the p-value should be given in the same line of the table. For "Setting", an OR of 1 should be written in the line of the baseline category.
Page 8, line 15: The information about response/nonresponse to the male/female-question should be given at the beginning of the paragraph in line 10, and should rather be formulated positive i.e. "Gender information was available for 698 of 699 rubella cases…" Page 8, line 22-24: Considering 11 cases in 7 years, from my point of view it does not make sense to describe the proportions in these 7 years by means of percentages. I suggest to just give information about the minimum and maximum of absolute numbers.
Page 8, line 31: The information about response/nonresponse to the setting-question should be given at the beginning of the paragraph in line 28.
Page 8, line 40: What do the authors mean with "pooled analysis"? If this is a specific analysis? Then it should be explained in methods section.
Page 8, line 55-page 9, line 9: The Odds ratios and Confidenceintervals given in the text are different from the values given in table 2.
Page 9, line 1 and 2: It should be clear, that the information "people aged 15 … were more likely to have rubella infection than children under one" only applies to those captured by the system. Concerning the complete population, 17 cases in children < 1 is a much higher risk than 22 cases in adults >= 15, as the latter group is much bigger.
Page 9, line 17: What do the authors mean with "effective"? I would like to see more considerations in the discussion about the effectiveness i.e. the sensitivity of the system to catch rubella cases. This does not only refer to the sensitivity of the case definition and the laboratory test, but also to the probability, that a person with rubella gets into contact with the nurses involved in the system.
Page 9, line 15-22: The increase of "number tested" (particularly from 2010 to 2011) should also be discussed here. Did the system get more sensitive to get into contact with cases, or did the case definition change? Or are there other explanations?
Page 9, line 33 -37: The relation between children below 1 year having few cases and vaccination has to be done before people reach reproductive age is not clear.
Page 9, line 39: I think the proportion is denoted not correctly. It is the proportion among symptomatic! females of that age, that are affected by rubella. This cannot be compared with the values from reference 15 and 16, which referred to different denominator / study population (nonsymptomatic pregnant women).
Page 9, line 48 -58: Though the authors have correctly mentioned the difference between IgM and IgG, I still think it is confusing to discuss these completely different measures in one paragraph and I would suggest to remove this part from the paper.
Page 10, line 6-13 and line 19-22: Sentences are identical with sentences in results-section.
Page 10, line 38: The interpretation of 28 probable cases from paper 25 cannot be judged from the information given. To which study population does the percentage (10.2%) refer?
Page 10, line 48: Besides the sensitivity of the case definition, it should also be addressed, how sensitive the surveillance system is in general. Might there be rubella (or measles) cases, that do not get into contact with the nurses who conduct the surveillance? Might there be selection bias in the way of getting into contact concerning age, gender or region (rural compared to urban)?
Page 11, The relationship between the age shift problem in line 28-37 and the need for filling immunity gaps in women in line 40 -46 should be made more clear, and not be mixed up with sentinel surveillance, which is rather related to other surveillances on the top of page 11.
Page 11, line 53: The relationship between the fact that children under one year have low proportion of seropositivity and the benefit of the program is not clear from the sentence.
Page 11, line 55: The sentence about the highest numbers at the end of dry season rather refers to "description" and can be omitted from "conclusion".
Page 12, line 4: "Cameroon" instead of "Cameroun".
VERSION 2 -AUTHOR RESPONSE
Reviewer: 1 Reviewer Name: Ian Njeru Institution and Country: Kenya Please state any competing interests: None declared Please leave your comments for the authors below The paper has been markedly improved and all the concerns I had highlighted earlier have been addressed except the title which still reads 'case-base surveillance' instead of 'case-based surveillance'. Corrected The paper needs to be checked for grammar. Once this is checked I feel the paper is good for publication Title: "case-base" was not changed according to the comment of Reviewer 1. Corrected Page 2, line 2: From my point of view, the main objective to "determine the burden of rubella disease" cannot be achieved by the study as I assume a strong underestimation of cases (see my comments below on sensitivity of case definition and the surveillance system in general). However, the study provides valuable information about age distribution, seasonality and so on. Thus I suggest to reformulate this objective, or comment on the objective in the discussion/conclusions. Reformulated Page 2, line 27: It is not said, for which explanatory variables and which outcome variable the odds the discussion about the effectiveness i.e. the sensitivity of the system to catch rubella cases. This does not only refer to the sensitivity of the case definition and the laboratory test, but also to the probability, that a person with rubella gets into contact with the nurses involved in the system. Through the measles case-based surveillance system, an estimate of proportion of rubella infections could be determined among suspected measles cases. It is true that the measles case-based surveillance is not sensitive enough to catch all rubella cases and we duly acknowledge this a limitation. Page 9, line 15-22: The increase of "number tested" (particularly from 2010 to 2011) should also be discussed here. Did the system get more sensitive to get into contact with cases, or did the case definition change? Or are there other explanations? Duly considered Page 9, line 33 -37: The relation between children below 1 year having few cases and vaccination has to be done before people reach reproductive age is not clear. Vaccinating children in the routine immunization programme at <1-year age will provide protection against rubella in these children before they reach the reproductive age. This will further reduce the risk of acquiring rubella infection during pregnancy and also reducing the burden of congenital rubella syndrome Page 9, line 39: I think the proportion is denoted not correctly. It is the proportion among symptomatic! females of that age, that are affected by rubella. This cannot be compared with the values from reference 15 and 16, which referred to different denominator / study population (nonsymptomatic pregnant women). Duly addressed Page 9, line 48 -58: Though the authors have correctly mentioned the difference between IgM and IgG, I still think it is confusing to discuss these completely different measures in one paragraph and I would suggest to remove this part from the paper. Duly considered Page 10, line 6-13 and line 19-22: Sentences are identical with sentences in results-section. Duly addressed Page 10, line 38: The interpretation of 28 probable cases from paper 25 cannot be judged from the information given. To which study population does the percentage (10.2%) refer? Duly addressed Page 10, line 48: Besides the sensitivity of the case definition, it should also be addressed, how sensitive the surveillance system is in general. Might there be rubella (or measles) cases, that do not get into contact with the nurses who conduct the surveillance? Might there be selection bias in the way of getting into contact concerning age, gender or region (rural compared to urban)? The system also relies mostly on health facilities and may have missed some community cases. Page 11, The relationship between the age shift problem in line 28-37 and the need for filling immunity gaps in women in line 40 -46 should be made more clear, and not be mixed up with sentinel surveillance, which is rather related to other surveillances on the top of page 11. Duly considered Page 11, line 53: The relationship between the fact that children under one year have low proportion of seropositivity and the benefit of the program is not clear from the sentence. Duly addressed Page 11, line 55: The sentence about the highest numbers at the end of dry season rather refers to "description" and can be omitted from "conclusion". Duly considered Page 12, line 4: "Cameroon" instead of "Cameroun". Corrected 
GENERAL COMMENTS
The paper has further improved. However there still are some minor issues, most of which I already had addressed in the earlier reviews and which have not been satisfactorily solved yet.
